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Connexin 43 regulates renin 
Intercellular gap junction channels result from association 
among membrane proteins named connexins, which are 
encoded by a gene family consisting of at least 20 members. In 
the kidney, the juxtaglomerular apparatus (which has a central 
role in blood pressure control) contains several cell types, 
including smooth muscle, endothelial, mesangial, macula 
densa, and renin-producing cells of the aff erent arterioles. 
For appropriate blood pressure sensing and control of renin 
secretion, these cells must communicate; yet it is unknown how 
they do so. Haefl iger et al. previously reported that experimental 
renovascular hypertension is associated with a vessel-specifi c 
increase in the expression of connexin 43 (Cx43).1 To further 
test the role of Cx43 in blood pressure control, Haefl iger and 
coworkers studied the knock-in mice of the Cx43KI32 line 
(hereaft er referred to as KI32), in which the coding region of 
Cx43 was replaced by that of Cx32, under control of the native 
Cx43 promoter.2 Th ey found that the levels of renin decreased 
by about half at both the transcript and the protein level in the 
kidneys of homozygous KI32 mice. Moreover, aft er being fed a 
high-salt diet, wild-type and heterozygous KI32 mice showed 
the expected downregulation in the expression of the renin 
gene, whereas homozygous KI32 littermates did not. Finally, 
aft er the induction of unilateral renal artery stenosis (which 
should induce renin-dependent hypertension), wild-type 
and heterozygous KI32 mice, which expressed Cx43, became 
hypertensive, developed cardiac hypertrophy, and had elevated 
plasma renin activity. In contrast, homozygous littermates, 
which expressed Cx32 instead of the native Cx43, failed to 
develop these changes and neither increased expression of renin 
nor released it normally. Hence, Cx43 specifi cally regulates the 
secretion of renin-producing cells within the aff erent arteriole 
of the juxtaglomerular apparatus. (1Circulation 1997; 95: 
1007–1014. 2J Clin Invest 2006; 116: 405–413)
Juan Oliver
Aprotinin-associated acute renal 
failure
Many patients who undergo coronary revascularization receive 
antifi brinolytic therapy to limit blood loss. Mangano et al. 
conducted a large-scale safety study to test antifi brinolytic 
therapy in 4374 patients undergoing coronary revascularization. 
Th e researchers prospectively assessed three agents — aprotinin 
(1295 patients), aminocaproic acid (883 patients), and 
tranexamic acid (822 patients) — and compared them with no 
agent (1374 patients). In propensity-adjusted, multivariable 
logistic regression, use of aprotinin doubled the risk of renal 
failure requiring dialysis among patients undergoing complex 
coronary-artery surgery or primary surgery. Similarly, use of 
aprotinin in the latter group increased the risk of myocardial 
infarction or heart failure by 55% and increased the risk of 
stroke or encephalopathy by 181%. Neither aminocaproic acid 
nor tranexamic acid increased the risk of renal, cardiac, or 
cerebral events. Th e same results were found aft er adjustment 
for the use of one of the three agents as compared with no agent. 
All the agents reduced blood loss. Th e authors concluded that 
continued use of aprotinin is not recommended because of its 
association with serious end-organ damage. Th e less expensive, 
generic medications aminocaproic acid and tranexamic acid are 
suggested for use as safe alternatives to aprotinin. (N Engl J Med 
2006; 354: 353–365)
Jai Radhakrishnan
Isolation of embryonic renal 
progenitors
Th e mammalian adult kidney is formed by reciprocally inductive 
interaction between two precursor tissues derived from the 
intermediate mesoderm, the metanephric mesenchyme (MM) 
and the ureteric bud. Th e MM diff erentiates into glomerular 
and tubular epithelia, and, presumably, into vascular and 
stromal cells as well. Th e MM contains renal stems or progenitor 
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cells with multilineage diff erentiation potential,1 but their 
identifi cation and isolation has proved elusive. Osafune et al. 
have made a substantial advance in this important problem.2 
Using a fi broblast feeder cell line expressing Wnt4, a factor 
essential for epithelial diff erentiation of MM cells, they cultured 
(in serum-free conditions) single cells from the MM of mouse 
embryos at embryonic day 11.5. Th ey found that some MM 
cells made colonies, and that colonies derived from a single cell 
contained diff erentiated epithelia expressing marker genes for 
epithelia in glomeruli (podocyte), proximal or distal tubules, 
and the loop of Henle. Th ey next made use of Sall1-GFP 
mice, in which the green fl uorescence protein (GFP) gene was 
knocked into the locus of Sall1, a zinc fi nger nuclear factor 
that is expressed in the MM and that is essential for kidney 
development. Fluorescence-activated cell sorting isolated MM 
cells into three sub-populations: Sall1-GFPhigh, Sall1-GFPlow, 
and Sall1-GFPnegative); only Sall1-GFPhigh cells diff erentiated 
into renal epithelia in vitro, in addition to forming colonies. 
Th us, the authors described a colony-forming assay of MM renal 
progenitors that is likely to be of great use to many investigators 
working in kidney development. (1Development 1992; 114: 
565–572. 2Development 2006; 133: 151–161)
Juan Oliver
A new approach to detecting organ 
rejection by cellular MRI
Magnetic resonance imaging (MRI) has over other imaging 
methods the advantages of excellent soft -tissue contrast, the lack 
of a need to administer radioactive isotopes, and good deep-
tissue penetration. Although gadolinium-based contrast agents 
play an important role in molecular and cellular imaging with 
MRI, most cellular MRI studies rely on the superior relaxivity of 
superparamagnetic iron oxide or ultra-small superparamagnetic 
iron oxide nanoparticles for imaging contrast. Cells containing 
a signifi cant number of these agents can be visualized with 
ex vivo MRI, but not in vivo. Recently, it was found that with 
the use of much larger micrometer-sized spheres containing 
micrometer-sized paramagnetic iron oxide (MPIO) particles, 
single particles can be visualized by MRI. In a new study, Wu 
et al. intravenously administered MPIO particles to rats with 
heart and lung transplants. Highly punctuated, high-contrast 
regions were observed noninvasively in the transplanted organs 
by MRI. Histological examination of the allograft  hearts showed 
that iron appeared largely inside macrophages, not in myocytes 
or in random interstitial space, and that multiple iron-dense 
particles were observed within one cell. Th us, the particles were 
endocytosed by macrophages in the circulation, and the labeled 
macrophages migrated to the rejecting graft  and were detected 
in vivo. It is likely that the punctuated contrast pattern observed 
by MRI was caused by individual macrophages, despite a spatial 
resolution larger than that of a single cell. Th is is because the 
local magnetic-fi eld gradient generated by a superparamagnetic 
iron center can propagate as far as 50 times its radius. Th e 
results showed that there were several MPIO particles in each 
macrophage. Th us, instead of each MPIO particle, each iron-
laden cell became a basic unit of the contrast agent, and the 
dimension of a basic contrast-agent unit then became the size 
of a macrophage, ranging from 20 to 40 µm in diameter. Th is 
study reports the initial work on a novel, noninvasive approach 
to detecting graft  rejection aft er solid-organ transplantation with 
the use of MRI. (Proc Natl Acad Sci USA 2006; 103: 1852–1857) 
Juan Oliver
Extra dietary calcium plus vitamin D 
and kidney stones
Many nephrologists watched with interest as a reasonable 
concern about osteoporosis in postmenopausal females 
grew into widespread use of dietary calcium and vitamin D 
supplements. However, the eff ectiveness and safety of this 
practice had never been tested. To examine this, Jackson et 
al. recruited 36 282 postmenopausal women 50–79 years of 
age who were already enrolled in a Women’s Health Initiative 
clinical trial and randomly assigned them to receive 1000 mg of 
elemental calcium with 400 international units of vitamin D3 
daily, or placebo. Th ey were followed for an average follow-up 
period of 7 years. Th e results showed that although calcium with 
vitamin D supplementation signifi cantly improved hip bone 
density, it did not signifi cantly reduce hip fracture. Of interest 
to nephrologists, calcium plus vitamin D increased the risk 
of kidney stones; stones were reported by 449 women in the 
calcium with vitamin D group, compared with 381 women in 
the placebo group (hazard ratio, 1.17; 95% confi dence interval, 
1.02–1.34). (N Engl J Med 2006; 354: 669–683)
Juan Oliver
W
u/
PN
A
S
